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　　　　　　　　　　　　　　Introduction
　　It　is　an　interesting　problem　to　inquire　into
the　mode　of　relation　between　the　morphological
changes　in　liver　tissues　and　the　changes　in
liver　functions，　when　experimen・tal　liver　dam－
age　is　induced．　Recently，　a　great　importance
has　come　to　be　attached　to　a　series　of　so－called
lipotroplc　factors，　includirig　methionine，　in　re－
lation　to　the　liver　function，　and　an　increasing
intrerest　as　to　the　significance　of　these　sub－
stances，　in　relation　to　the　impair．ed　or　regen－
erating　liver　tissues　and　functional　states　of
th，　e　liver，　are　notable．　Heretofore，　quite　a　few
ipvestigations　have　been　conducted　on　the　ef－
fects　of　various　hepatotoxic　agents　on　the　his－
tological　features　of　the　liver．　However，　recent
advances　in　the　informations　on　the　mutual
relatioris　between　the　intracellular　nucleopro－
tein　metabolism，　and　on　the　metabolism　of
enzymes　or　of　plasma　proteins，　have　smoothed
a　way　for　the　morphological　understandings　of
the　cellular　functions，　which　has　resulted　in　a
vast砺77αincognita　in亡his　quarter，　where
further　studies　are　required．
　　The　author　has　hitherto　investigated　the　ef－
fect　of　methionine　on　the　liver　function，　in　the
cttSe　of　experimental　hepatie　injury，．especially
pin－pointing　the　alterations　of　serum　cholines－
terase　activity　and　serum．　pi’otein　fractions，
and　the　results　were　reported　succe＄sivelyi）“’4）．
In　the　present　report，　results　obtained　by　pro－
bing　into　the　effect　of　methionine　on　the　histo一
logical　changes　in　liver　tissues，　due　to　experi－
mental　liver　damage，　are　to　be　discus＄ed．
Materials　and　Methods
　S lection　of　experimental　animals，　and　the．
皿ethods　used　for　methionine－feeding　and
m thods　for　inducing　liver　damage　are　the
same　as　reported　in　the　previous　issues．
An m　als wer 　slaughtered　by　means　of　air
embo］ism，　followed　by　immediate　laparotomy，　to
transfer　a　mlass　of　liver　tissue　into　the　fixatives．
　　Fixation　of　liver　tissue　was　conducted　in
fQrmalin　or　in　Carnoゾs　solution，　and　tissue
sections　were　stained　in　a一　hematoxylin－eosin
（H－E） mix ure　and　pyronin－methyl　green　solu－
tion 〈P－M）一 Soine　of　the　specimens　were　also
stained　by　fat－staini’ng　（Sudan－III）　and　by　Hotch一
1〈i・ss－McManus’S　per－iodic　acid－qJchiff’s　stain　（H－
M）．　P－M　stain　wa＄　conducted，　as　reported
by　Tsunodab），　in　O．IM　aeetic　buffer　CpH　4・2），
wit 　coiours　purified　by　means　of　Shibal，i．，，／ni’s
methodの．
　　　　　　　　　　　　　　　　　Results
　　1）　Histological　Features　of　the　l，’Liver　in
ハや7〃zal　l）oges：　Histological　features．of　the
liver　in　normal　dogs　closely　resel血bles　that　of
human　liver．　ln　the　cani“fi．　e　liver，　the　form　and
siz 　of t e　lobules　are　almost　similar　to　those
in　human　liver．　Glisson’s　capsule　is　also　as　frail
as　in　a　human　subject　CFig．　1．　a）．　By　P－M　stain，
pyroninophile　RNTA　is　observed　to　be　somewhat
unequally　distributed　within　liver　parenchymal
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cells，　and　scarcely　any　DNA，　which　is’　stained
by　methyl　green，　is　observed　in　the　eytoplasm
of　the　pare’nchymal　cells　（Fig．　1・　b）．
　　．9）　Histologcial　Findings　of　the　Damaged
Liver：
’　A）　After　24　hours．　A　widespread　degener－
ation　and　necrosis，　which　is　distributed　frorri
the　central　to　the　intermediate　zone　of　each
lobules，　are　noted．　The　arrangement　of　liver
cell　co工umn　becomes　confused，　and　vacuoliza・
tion　of　the　individual　liver　cell　is　manifest．　On
the　other　hand，　some　of　the　remaining　healthy
cells　in　the　peripheral　zones　are　observed　to　be
in　a　rather　hypertrophied　state．　Hypertrophy
a’nd　multiplication　of　Kupffer　cells　are　not　so
manifest．　There　is　little　cell　infiltration　in
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Glisson’s　capsules，　and　of　course　no　sign　of
fibrosis　is　observed．　ln　this　period，　sigri　of
congestion　is　also　not　manifest　（Fig．2．　a）．
　　By　P－M　stain，　diminutions　and　disappearance
of　liver　cell　RNA　is　observed　in　the　degener－
ative　and　necrotic　part　of　the　lobule．　Nucleic
DNA　 s　almost　unaltered，　and　Kupffer　cell　RNA
indicates　no　d crease　（Fig．　2．　b）．　Moreovers，　in
portions　corr spondin・g　to　the　above－mentioned
degenerati n　and　necrosis，　fatty　infiltration　（ob－
served　by　Sudan－III，　Fig．　2・　c），　and　a　disappear－
ance　of liver　cell　polysaccharide，　i．e．　glycogen
（H・一M　 tian，　Fig．2．　d），　are　observed．
　　B） Aft 　48　 ours．　The　degeneration　and
n crosis of　liver　cells　become皿ore　manifest，
and　the　intracellular　vacuolization　proceeds．
b）．Sudan　III　x　SO
e）　H－M　〉〈go　d）　？一M　x　soFig．　6．　Methionine－tceated　dog，　24　houvs　after　chloroform　injection，
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However，　in　the　environs　of　the　central　vein，
signs　of　regeneration　is　also　observed・　Conges－
tion　in　the　sinusoids　and　in　ce’ntral　vein　is
remarkable（Fing．3）．
　　C）　After　7　days．　Though　the　degeneration
of　Iiver　cells　still　exists，　signs　of　regeneration
of　Iiver　cells　are　observed　at　every　turrL　I，ocal
ce11－infiltrations　are　noted　within　the　Glisson’s
　　　　　　　づcapsules，　Though　congestion　has　already　dis－
appeared，　yet　bile　thrombi　are　observed　spo－
radically，　and　sorne　of　the　liver　ce11s　are　filled
with　bile　pigments（Fig．4，　a）．　Liver　cell　RNA，
which　was　observed　to　have　disappe包red　evenly
during　the　earlier　stages，　reapPears　at　every
turn，　and　even　indicates　a　partial　increase（Fig．
4，b）．
　　3）　Histological　Findings　ゼπ　the　、乙iver　ill
Menthionine－Treated　1）ogs：When　methionine
is　administered　to　healthy　dogs，　scarcely　any
m．arked　differellbe　in　the工iver　is　observed　his－
tologically，　as　compared　with　the　contro1（Fig．
5，a）．　Similarly，　no　marked　difference　is　ob－
served　by　P－M　stain　as　compared　with　the
control　anima］s（Fig．5，　b）．
　　4）　Histological　Findings　inエ）amaged　Liver
in．Methioni　ze－Treated　Dogs：
　　A）After　24　ho亘1rs．　When　liver　injury　is
induced　in　a　methionine－treated　dog，　a　wide－
spread　pathological　change　occurs　as　before，
which　breaks　out　from　the　central　portion　of
liver　lobule＄．　In　a　methionine－treated　dog，
1iv r　ce l　vacuolization　is　not　so　manifest　as
in　th 　control　dogs，　The　liver　cells　therefore
are　characterized　with　shrinking　rather　than
with　vacllolization　and　the　dilataion　of　the　　　　　　　　　　　　　　　　ラ
sinusGids　are　noted（Fig。6，　a＞　Fatty　degenera－
tion　of　the　cell　is　less　remarkable　than　in　the
contro1（Sudan　III，　Fig．6，　bj、．　Sil皿ilarly，　the　de－
crease　of　liver　cellpolysaccharide　is　less　remark－
able　than　in　the　contro1（Fig．6，　c）．　On』th¢　other
hand，　marked　decrease　and　even　a　disappear－
ance　of　RNA　was　notable　in　P－M　stain，　which
indicates　a　much　similar　feature　to　the　control
（Fig。6，　d）．
　　B）　After 7　days．　Regeneration　of　the　ce11
is found　in　the　central　portions　of　eachエobules．
However，　in　other　portions　of　the　lobules　where
degeneration　of　the　ce11　still　remains，　the　ce11
vacuolizat on　is　found　to　be　rather　remarkable
than　after　24　hours．
　　Neither　congestion　nor　cell　infiltratioll　is
scar edly　found，　while　bile　thrombi　manifest
th ms lves　in　all　directions，　with　some　of　the
liver　celjs　filled　with　bile　pigments．　These
findings　are　especially　notable　in　the　central
portiOns Qf　the　lobules，　where　regeneration　of
the　tissue　is　present．　The　whole　histological
aspect　is皿uch　alike　to　the　c◎ntrol．（Figure　7，
a）．P－M　stain　showed　no　marked　difference
between　m thionine－treated　and　non－treated
animals（Fig．7，b）．
　　Th 　l adin 　findings　of　the　abDve－mentioned
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histological　features，　in　each　stages　of　liver
damage，　are　tabulated　below　（Table　1）・
Discussion
　　The　pathological　changes　in　the　liver　in　the
case　of　hepatic　injury　due　tochloroform，　and
the　results　obtained　by　histological　observations
of　the　effect　of　pre－tnedicated　methionine　upon
the　liver　damage，　which　has　been　reported
here，　may　be　summarized　as　follows：
　　1）　When　liver　injury　is　infiicted　on　a　normal
dog，　with　a　single　dose　of　chloroform，　the　liver
tissue　is　observed　to　be　altered　histologically
as　reported　by　many　authors：　pathological
changes，　represented　by　centrilobular　fatty　de－
generation　and　necrosis，　manifest　，themselves
within　the　first　24　hours　following　chloroform
injection．　Liver　cell　RNA，　and　also　liver　cell
polysaccharide，　decreases　or　even　disappears．
Morphologically，　Kupffer’　cells　are　scarcely　found
to　be　effected．
　　2＞　The　above－described　change　st皿remains
after　a　week，　but　the　affected　area　in　a　lodule
is　teduced　in　its　dimension．　Signs・of　regener－
ation　appears　i　n　every　directions　of　the　lobule，
especially　around　the　central　vein，　and　liver，
cell　RNA　increases　in　accordance　with　the
regeneration．
　　3）　Methionine－prescription　for　healthy　dogs
Table　1．
do　not　vary　the　histological　findings　of　the
liver．
　　4）When　liver　injury　is　inflicted　on　a血e－
thionine－treated　dog，　histological　changes，　man－
ifested　by　the　centrilobular　liver　cell　degener－
atiQn　and　necrosis，．　are　observed，　which　indicate
an　a1皿ost　similar　change　to　the　cotro1．　How－
ever，　as　designated　in　Tab工e　1．　the　changes　are
generally　less　remarkable，　excluding　liver　cell
RNA　which　showed　no　marked　difference　as
compared　with　the　control．
　　It　is　an established　1〈nowiedge　that　・a　path－
ological　change，　represented　by　eentrilobular
necrosis，　is　produced　in　the　liver　by　chloroform
injection．　Whipple　et　al・’）　investigated　this
poin in　detai ，　and　reported　that　the　necrosis
bega 　to　mani est　itself　within　the　first　6　to
10　hours　after　chloroform－administration　and
that　though　c ntrilobuJqr　in　nature，　the　necrosis
often　extended　to　the　intermediate　or　peripheral
zone，　in　proportion　to　the　dose　of　chloroform．
Regeneratio 　of　the　tissue　fro皿the　necrosis
was　quickly　 stablished　and　even　in　animals
with　ligated　hepatic　artery，　the　regeneration
was　al．rnost　co皿pleted　within　a　few　weeks．　The
present　observetiDn　m　ay　be　considered　to　coL
incid this　view．　As　to　the　liver　cell
RNA，　a　decreased　dye－afllnity　was　obsbrved，　in
accQrdance with　the　reports　by　OpieS）　，and　by
Co”tparative　Table　of　Histological　liTindi’regs　in　The　Liver．
Histologi　cal　findings
Methionine－treated　groupl
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Liver　cell　degeneration
Foeal　necrosis
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Diminution　of　liver　cell　DNA
Fatty　infiltration
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　　　ln）ury
24　hrs，　1　7　days
十十
十十．
構
十十
4・ト
．1・．ト
！一十
N
??
Before
］nlury
Contyol　grouP
After　hepatic　injury
24　hrs．
・1什
十F，
柵
十トト
・ト什
48　hrs．
1什
惜
一1一
十
十
7　Da，ys
一一
　陶
H－！・
十
十卜
?
7）　Whipple，　G．H．　＆　Sperry，　J．A．　：　Bull．　Johns　Hopk．
　　Hosp．　20，　1　（1909）．
S）　Opie，　E．　L．：　」．　ExL　p．・Med．　86，　45　（1947）．
6巻2号 AnzaiMethio’獅奄獅?　as　a　Lipotropie　Faetor　V’P 113
Rosin　et　al．”）
　　Histological　pictures　of　the　normal　livers
are　not　changed　by　methionine－feedings．　On
in’flicting　liver　damage　due　to　chlo：coform，　the
degenerative　and　necrotic　picture，　though　es－
sentally　similar，　is　less　remarkable　as　compared
with　the　control，　apd　especially　the　vacuoliza－
tion　of　the　pearenchymal　cytoplasma　is　insignif－
icant．　Liver　cells，　accordingly，　show　swelling
rather　than　shrinkage．
　　Because　the　hepatic　damage　due　to　chloro－
form　is　histologically　a　eondition　conspicuous
by　fatty　degeneration　of’　liver　cells，　protective
effect　of　the　lipotropic　facors　agai旦st　chlorofor皿
liver　damage　is　expected　as　a　mat’ter　of　dourse．
In　fact，　the　protective　action　of　methionine
against．the　hepatic　injury，　due　to　chloroform，
has　been　known　clinically．　But　experimental
evidences　does　not　always　confirm　it，　Exper－
imental　studies　conducted　with　the　intention　to
quthenticate　the　promoting　effect　of　methionine，’
against　recovery　from　the　liver　injury，　was
unsuccessful　for　the　most　part‘O・li’，’i＞，　but　the
attempts　made　by　Miller　et　al．iL”，　who　set　the
dosage　of　methionine　at　24　hours　prior　to　the
administration　of　chloroform．　Miller　and　Whip－
ple”‘）　further　studied　the　influence　of　tim　e一
▽ariat三〇n　upon亡he　effec亡of　methionine　agaips亡
the　liver　injurY，　due　to　chlorofrom，　．　and　con－
cluded　that　methionine　exerts　its　effect　when
administered　within　3　to　4　hours，　but　not　when
administered　later　than　6　hours　following　chlo－
roform－administrations．
　　1亡is　a　matter　of　cou．rse　that　the　manner　and
degree　of　the　occurrence　of　liver　’damage，　and
the　effect　of　lipotropic　substances　against　the
damage，　may　vary　widely　in　accordance　with
experimental　conditions，　such　as　the　mutual，
relations，　both　quantitative　and　temporal，　be－
tween　chlorof6rm　and　me亡hionine，　or亡he　vari－
ety　of　compositions　of　the　diet．　The　present
experiments　were　condu．cted　under　a　plan，　in
eompliance　with　Miller’s　report，　to　complete
the　administration　of　methionine　prior　to　the
infiiction　of　hepatic　i　njury．　ln　consequence，
the　above－reported　data　may　be　considered　as
a　histological　proof，　to　some　extent，　of　the
・p otective　virtue　of　methionine　against　the
hepatQtoxic　agent．　On　the　functional　points
of　view，　as　reported　in　the　fourth　issue　of　the
present ser es　of　reports，　a　plain　proof　of　the
effect　of　methioni・rie　waS　observed　especially
in　the　fluctuation　of　serum　cholinesterase　acL
tivi y．　The　same　was　also　observed　in　the　vicis－
s 亡udes　of　 ．et m　alkaline　phdsphatase　activity，
within　a　c rtain　degree，　and　though　within　a
lim ted，　extent，　effects　of　methionine　was　also
detected　by　estimqtions　of　the　fluctuations　of
serum ．　protein　fractions．　On　the　other　hand，
b：　 msufalein　 etention　test，　serum　cobalt　reac－
tion　and　polarographieal　serum　protein　wave
did’　not　suggest　any　effect　which　may　be　as－
crided　 o　 he　virtue　of　methionine．
　　Relations，　as　described　above，　between　the
functional　and　histological　chariges　in　the　］iver，
have　been　discussed　in　many　ways　since　Ep－
pinger，　including　an　extensive　research　con－
ducted　by　Kogai”）　in　this　country．　But　it　is　yet
premature　to　consider　that　suthcient　conttlusions
have　been　．obtained，　owing　to　the　complexity
of　liver　function　itseユf、
　　In　the　present　study，　as．to　the　fact　that　the
decrease　of　serum　cholinesterase　activity・is’
arrested　my　methionine－administration，　Whether
the　improvement　is　conducted　through　the
arrest　of　fatty　degeneration　of　liver　cells，　or
hrough亡he　functional　compensation　carried
on　by　the remaining．hea工thy’parenchymal
cell ，　within he　limited　sphere　of　the　present
expe irnental　informations，　is　yet　obscure．　Ai－
zawa　e 　al．’fi）　investigated　the　histological　find－
ings　of　the liver・injury　due　to　phosphorus，
comparing　the　same　with　serum　cholinesterasp
activity，　and　reported　that　a　proportional　rela－
tiQn i’n　a　cettain　dqg’ree　was　observed　between
the　histological　damage　and　the　becrease　of
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cholinesterase　activity，　However，’as　to　the
detailed　relations　of　eholinesterase　to　the　lo－
cational’variations　within　a　lobule，　or　to　the
quantitative　and　or　qualitat’ive　variations　o’fi
the　histological　aspect，　details　remain　obscure．
It　”is　a　problem　which　will　require　furthere
investigations　in　future　including　histochemical
demonstrations　of　intrahepatic　cholinesterase．
　　After　a　week　following　liver　in］’ury，　no　marked
histolag’　ical　difference　was　observed　between
methionine－treated　・and　control　animals，　and
rather．increased　fat亡y　degenerations　were　ob－
served　in　methionine－treated　dogs　as　compared
with　the　histological　aspects　in　the　first　24　hours
after　the　’injury．　This　may　be　ascribed　to　the
state　ef　starvation　due　to　the　accompanying
anorexia　and　vomiting．
　　P－M　stain　detected　no　marked　difference　of
the　fate　of　liver　cell　RNA，　between　methionine－
treated　dogs　and　contorol　subjects，　at　least
within　the　sphere　of　the　present　experi皿ents．
Brachet”6）　in　1940　reported　that　RNA　and　DNA
is　dem　onstrated　by　P－M　stain，　and　recent
advances　in　the　practical　applications　of　the
method　for　biochemical　and　cy’tological　stttdies，
incl’浮р奄獅〟@the　study　of　intracellular　nucleoprotein
metaboJism，　are　very　conspicuous．　The　fate
of　liver　cell　RNA，．　demonstrated　by　P－M
stain，　in　starvation，　hypoproteinemia　or　in　a
variety’of　diseases，　are　reported　to　be　often
quite　si皿ilar，　where　RNA　is　equally　di血inished
and　is　accompanied　with　the　swelling　of
cytochondria，　in　accordance　with　the　body－
protein　consumption　due　to　the　above－designated
conditions，　while　DNA　on　the　contrary　is　almost
unchanged　in　its　distribution．　Bracheti7）
investigated　P・一M　stain，　parallel　with　SH－group
estimations　in　embryonal　outbreaks，　and　ob
served　that　the　value　of　SH－groups　of　protein
nature　m．ostlyvaried　with　the　quanti亡y　of　ce11ular
RNA．　Bra　chet　＆　JeeneriS）　demonstrated　SH　in
cytoplasmic，　and　suggested　that　the　existence　of
a　biochemical　eonnection　might　be　conjectured
between　RNA　and　SH－groups　of　protein　nature’　．
Because　cholinesterase　is　one　of　the　enzymes
of　the　SH．一syste皿，　it　may　be　possible　to　explain
away，　based　on　the　above－hypothesis，　the　virtue
of　methionine　upon　the　decrease　of　cholines－
in 　case　of　hepatic　impairment．　How－
ever，　the limited　scope　of　the　hitherto－exper－
iments　d e not　allow　a　eon　clnsion　of　the
problem．　lt　is　a　prablem　which　will　require
furth r　discussions．
Summary　and　Conclusions
Effect　of　methionine　on　the　histo工ogical　challges
of　canine　liver　due　to　chloroform一．induced　ex－
perimental　hepatic　injury，　were　studied　and
the　results　obtained　are　siimm　arized　as　follows：
　　1）After　24　hoilrs　folloviting　chlorofor皿一ad－
ministrations，　a　widespread　pathological　change，
whiCh　is　manifested　by　centrilobular　f・atty　de－
generation　and　necrosis，　is　observed．　This
condition　is　sustained　even　after　a　week，　ac－
companied　by　an　appearance　of　multiple　re－
generations　i　n　various　localities　of　the　lobules，
especially　in　the　environs　of　the　central　veins．
Decrease，　or　even　disappearnce，　of　RNA　is
noted　in　the　degenerative　liver　cells，　while　RNA
is　restored　or　even　surpasses　the　normal　density
in　the　regenerative　cells．　，
　　2）　Administration　of　methionine　alone　does
not　alter　the　histological　aspect　of　the　liver．
　　3）　Following　the　infiiction　of　liver　injury
to　the　methionine－treated　dogs，　a　patholgical
change　breaks　forth　from　the　central　zone　of
the　lobule，　and　the　change　is　almost　completed
within　24　hours．　This　change　is　naturally　sim－
ilar　to　the　control，　but　is　generally　less　signif－
icant，　and　esp　ecially　the　vacuoli．7．ation　of　the
cell，　due　to　fatty　infiltration，　is　less　sig”nificant
than　in　the　cbntrol　subjects．　However，　as　far
as　・the　present　study　is　concerned，　the　vacuoliz－
ation　of　liver　cell　is　somewhat　augmented　after
a　week，　and　the　whole　aspect　of　the　liver　is
si皿ilar，　f6r　the　most　par亡，　to　the　control，　As
for　liver　cell　RNA，　scarcely　any　notable　differ－
ence　was　observed　bet　ween　methionine－treated
and　non－treated　animals，．
　　4）　No　satisfactory　conclusion　can　as　yet　be
obtained　on　the　connection　between　the　h　isto一
16）　Braehet，　J．：　Compt．　rend．　soe．　Biol．　133，　8S　（1940）．
17）　Braehet，　J．：　Are，h．　Biochem．　51，　167　（1940）．
18）　Brachet，　J．　＆　Jeener，　R．　：
　　　（1944）．
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6巻2号 AnzaiMethionine　as　a　Lipotropie　Faetor　VI115
1ogical　alterations　and　the　states　of　each　partial
flユnctions　of　the］i▽er．　It　rnay　be　conjectured，
based　on　the　above－mentioned　differences　of
the　pathological　features　observed　between
methionine－treated　and　non－treated　animals，
that　methionine　protects　an　organism　from　the
decrease　of　ser巳皿cholinesterase　activity’．　But
d tails　of　the　mechanism　of　the　protection　re－
mains　to　be　explained　satisfactorily　at　this
stag ．
　　　　　　　　　　　　　　　　　　　　　　（Reeeived　July　9，　1954）
